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as^iigk . 

UfS^S±tf + 1 fcit^HI- 1 ^ttJ&t&iliffck 

j&mEcl **o*^c« + 1 1 twjE-r&aBS 
ca^ss^ftffitfRR-*-* «k 3 fc^P£*f 3 - k 

ttfc*i£i!gk , 

S^«iB*»^ai*$it/i«asaS: 2oteJHKU £ix 
KkarW^&i k 2r«mk^-l>^jllfi^K„ 

x o iz$m?& i k *«pat -r^if^« 3fE»^ii« 

[«Wt^5 3 A^$a^2«OT--^fi^{i2^$ 
*U ^02^t:J:0^$^a*>co-*-<7)r'-^<f 
^X'fo&M 1 x-?ft-§-#A;Jj£*U Sffll 1 : r-9<m 

¥&k. 

ffll^ r- 9 m^Tfo h% 2 r- 9 $ ix . IS 

9\mt. mrte i #<offl^StfF*ffl:fc*o 5 

BuiEftffl^PSI^ <?)ffi:*>ft k huIS l tt^fflffiWSr^ai 
;ftft<0 3^mB^P*S£S$&tvJjtf>3£2:. SWcttS: 



t imm 6 3 mM^wfSte . mmm 1 r- ? s-^ 

JRiM^k . 

file i ^isii^fa^w «j ft#e-je txzti? 

ISIHMESgPBa^ti. Bute 1 ^1lMW=Sr=F^aj**^> 

^©Affik »>jv»c*rj55ir as^jg^cofiffi^svHc 

cot n - ^T-*> h z k * m k -r sxaeiz 

=to^m$ixai^i$ix^H«ie^2T ; -^ft^k. Miei 
nnttffiM^&ihJiftn o ■hz.mm.mzmtzm 1 ^ 

-9imt q&W&SLifimMk LX ^^»*c7)=F^m*^k 

y^><i> 0 - 5 t*>y haiX^^-f 5 > -9'X\ fjflfi^FpaS 
***cffiffiaaWSr1f 3 *><0T-»& - k £!f#&klJ-&fii* 
35 5 7bS 7 cov>-rix*Hcieili«^iMfiilS. 
[^JS9 3 »*}Sl!Sk. 

A^I Ztlti 2 ffi^x- ^ft-^Sr 2 jimLX&fR Ltzm 1 

zmtzmmmmTt: m&2-jimi>x&itii,izm2 
mzmtxiammt h&mmm^-t k sr 

[ IS^JS 1 0 3 BuIEr V zi-^ii. huIBSI 2 f - 9 ft 
W l co^tciim^j&^t-ii-r . 0 nmiziiftjjtfO 
i/iJil^'bO^kKlg-r-g.kv^^msSijo 

r u o . mrieeffl^PSr. 4 5 > 

k-r sis^ji 9 isigco^ifi^. 

immi 1 1 3 mfiem i f-9m^im^m^ 

^2ffl<7)x-^ft^-*lU^L. HulElglT-^ft-f-SrBil 

^(ca^i^-i.- k ztmt?&mxm9x\i i otcte 
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i imm 1 2 ] mummm^mu . x-h zixtz r- 
?mn<?mw><nm±mmxmnmn* ± t x tan 

t LKmxm 1 1 izizMwxmimm* 
[ tmrn 1 3 1 mmm^^mu . ^ *- h t r 
Usui: w fc s:»at l*:I8*js 1 1 fciasw«fc 

-< yhtmjg.cr>*&m£ o i>im&m£.&s «t a kiss 

t-&^#8*^&i«*>S9 7^1 3 <m vrftfrfcistt 

mimmm.^m- 1 m~cr> 2 -o^m^m^umiz #ti- . 
2®7 : '-:?«^#vUi£*u Mie2ocofata^iig«^v 

[ at** 1 6 ] ffi§mmm*$r£jmmz . a* $ ^ 

f-*«9(C4«vt 0 #2 t'v hagEL^B^^iiHulSIS 
-<0«fecoaBM^tcfi[fflll * t $ -tir , l* ! 2t'7h 

-r§0S§T'^>.g.cfc^i#mt^-i.if*Jii 5tiem<o3fe 
[fsi*js 1 8 ] rastisfc > saea***»&awj s*i 

l/CA:fr*-4#«£«;i. A^ftfcliiifBx^^^- 

y h^-kje t t mmm&comwi&mRffizmi ^x \°m 

[IB*3I19] A^Sft^ffi^x-^ft^-r'.** 



ftAd+ 1 tm>m- 1 twj&tsftBSft^ffiffl^K 
-ri> x otzmftZ'ff'j z. t zmmt^zftmrniim. 

[ 3ft$iR 2 0] A^l § iifc 2 (Itf)T-*ft-^£ % |M 

mmnmaz* mm 1 »««*iw«r-r a^^-t ^ om 

mz&tXZtL&xmtmt. -&%ILX=F&Z J £. 1M 

[ is** 2i] xt>ztifz2 m<7)7-'-?m^£ 2 &m 

2tl. ZCV2ftmz£K>ftWiZixtz'jlocr)-Jj(7)T-? 

m^x-b&wii -r~jrm#*j}Zti* mm 1 -r-^n 

i&*co7-?m^x$>&m27-?m^tfAji2ti. u 
& 2 r-^m^m^m lt tau l ; 

ai^§^Buie^2T r -^(I-f-i:tEt-C, B5fei*t<7)ffl 
[ li** 2 2] A* $ *Ut 2 fil<D7-*-:?fI^£ 2 

ut ^is Lfcsii r - ^ m^-izm tx . mmmfr h<r> 

>lc0^^m^ix^2x-^fi-^tc|i5tT. ffi^Pl 

[w*«2 3 ] immmb&tthjimMRzm-- 
gmLxmxsmmntmv. 

2 m^-tm^xi) l . Mia 2 ^nimmm^rt 

[0 00 1] 
[0002] 
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m&>&mtzim*m 0 mx . ^m^t'is»KS:^ 

t^OM^^-H* (GVD:Group Velocity Dispersion) t % 
^P^* (SPM:Self Phase Modulation effect) tf$8.&- 

[0003] GVDi: fcbfc? r ><£ilfcff^*i8]J&Wft* 

s-m. GVD-eiiafWi^tBKRjR^Kj: osmium 

g VDtf>f**&®tfc: < v ^SSWS^o«Sg t> fifSrfcffC v > 
S. — iRts fi^X^.^h;HH*^v->{li:"GVDco^#(i: 

^sv^r, m^mzwmtthzt izx oss»*qB 

Fukuchi et-al.. OFC '97 Technical Digest, ThH3, 
1997&i;") fiJfA'-f ^'J(duobinary)f=^-{i, 
i'^WH'XiiO;*. (partial responce) ff-f-<9 1 OtM 

mm^x-n^-yx^m^-t ix. mm&m^mx' 

{i* < *» J: < 3D £>*tT v ^ . f* a. n*4 -Ml fl^ti 3 

<. #tf>fiHffiHWkfli»rVC. +1. 0. -l,«D3ttffli 
1 tmm± 1 *f#3fc0fiffl#5v ^cR<K Ui^tiJ 

mrt. &rnmx'tezti*Mi%cr)mmmsi-t&rzvx\ it 

[ooo4] — ^^m^immx'hhwmim^tm. 
izmnztihmmxhK) . tt^raui«aftk*Ti«*»r 

friJWUf, jI««aSJSBSim#i::fc£3:<» SPMJifNE 

TLi3ii*\ GVDhffl^^$oT. SPM-GVDSJ>UI£jg 
[0005] SPM£fflsM-r&5ifi}j:E^ lot LTs if 
■rsafe<^«»««Rfc:flH8*i"J 0 %X ZttX'fo 0 , fl# 



«i.if amfttc J: &&BHH01-208920#$> & . 
[0006] P^JS^SPM-GVD^i: ti, ft 7 r -f AgiJi 

+tcGVDt x &mm?+t mmzsvw± tX , *3r&# 
i«2jebTSPM//^t-§,t. fi-tfttcjg 

Wm.+ * - y (chirp) W± t , f- J f— 7"{±GVD^^|> t ^ 

'S&m^-b^ht^X'hh . 4 V B. lOOOodiUKO^IBtt 
^>3K 7 r -f ^ N'fiiM ^ ^ f-^ Tti . i WSPM+GVD^^*^e 

[0007] 

•j m-^iz , gvdc «t ^, \ ^tz^mx-h 

^{iSPM^ t tC< V>^'(t*f IJT'ft^A^ GVDt^f L 
TJiSMfe^ir^fcft. SPM+GVDSWRtc«fc &eMBB*»c*t 

[0008] *^(7)B^(i, W#0^mSrSSto^*>-»t 
Jtm^^lift-rs >= k (c J: 0 . SPM+GVD^tc J: h Zix 

£X'CDmmmft*nm?&ymmmw$:m®;^-& ztiz 

[0009] 

m,z x -> xmmmn x vmrnm*^*. h %> nx-h 

0. fi^-f ^>Jfi^31i$-+i . o. -lk^ie 
itXL, i fcft/jvffl- i t^je-r^Keii^ 

^^r-^ ft -v^ . L < flstt^Sv HCitK VX v ^ 

^mzx *)^m%ixtz l^fflaw^fa^-/^ ^uft 
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T"$> & IR 2 x- * ff-^ A7J £ ix. :^2f-^Hf 

t t ttjij-r & 7° «j 3 -rt , r ^ -nz x 
*mmztxitij]£hfcm2?-?m*Tb . i 

fc. fiLfflSSWR^^ffi^i: 1 tt^ffl^W&Ti^tBTJft 

t~?h KMmmMRxsm h mkmmz x^xh mm- 

t . 2#«tT ; t«L^Sg2 7 i -^fI^-^-^^^ 

fcxm^izmtxtmgzmt&Qmmm^t 

Xi>M&.-t&Zbrf£*&. ifc, *Ki*i£i!Sfc . 
£J&-i:Ji|-<92ooii3cS^ia]fc#t1\ -ttt^fc* 
*ftffl^!RILT. Stf«*£jfc*-*#8fc. 2fii7-"-^ 

m^rfAD 2 ooiaffi^ps^^SKJift-f - 

J*^£Kll^#£j^»fc*W^&£fc£»«fcr*T 

t fcjwa**. aenMii:. -ro«& 

i£*»j&»s> tB7j £ ft.4«m«srflrassw-r &fii£^f«« 

£^P*^f^S^fc LTA^lT&*l$£fl^ A}>£ 
J; dtcS3W-4C fc£mfc^*3teSaiSSOttf«£3fc 

[ooio] ^wnxwz-Tt'^ i~vm&M^<?)3m 

X0>MW(88Hl>m^X . +1, p, -L-W31C 
gij 9 ST fcSSPKrsSfcffl^* . ^n^> 3 ttJTCSMttiif 
txi> 1 XJb&t>K ± 1 {i^fiJffl^S^tMSg LT 

-r. %mi&x'&zix£m^ffim&%bmmiz^ max 

&/iltT\ 7c02®f r ^'^;Hi^H*$^^. 
[0011] ^<D£1)5lfi-SBfc«:. [I-5|-#3fc7 r--rA*£ 

imz itx ^ & s ™®tf&.m £ *xt i ^w; vd t <£ 

[00 12] r-H&tTj fcii, 

jtw3tf*9. ^zmzmm-thtx-imzi* 
Tt-m^taEtTweix^-fbS-frj fcwu «i«s n 



93e«:$«*ikt*tf. 4*:. 18*115, 5. 12C 
fevvcttMitf, rJtfflLfcfiBB3BH£jW*j fc^3 

mMx°$>K). mnzmi aiz&^xh ■'JtWLfcflKfcimiK 

[0013li!t. fcUL r + l, 

0. -1 j cr>i%£ r 0 j X'fo*). r fl!l<02ffij # r + 
1 j fc r - i j -efci, . ^fc. r 0 , + 1 , + 2 j com 

i"0j r + 2 j Xh&. 

[0014] ttz. rguflBaoHF j LTUL 09i 
Of. ? 7 A7x > iSf - *SHB£ 

3— -f >f >-^(precoding)7&^^T'i5.& CI fc ti, 
i<*D^>tL-<:J3 0. *miX'l>Zix$:&Mm^Z>c:bW 

x-%h. 

[00 16] 

izm^xmmizmw-t& . 
( m i commcomm) m i migmiimomizm 
ty^%m\cr>mmcmmcomjsmx'fo2>. *mmco&m 

(4. 7°>y ^ j.7*;HBK>^ >f 7°co-7 vy x vy—^mi 

Tii. z FPH-asfflww#^^-?.2o<7)^aj^^a 
^tt&jjm^bLxmmv. K^mco^wmtimi 
ftWLZitx^tz. xmmco&mximwiz-tx^tziiijj 

[0017] 1.55Atm^T-^liL-rv^^*l-— 
Ml ^4>ai7J$ix^^{i:. ffiiS«J#^7r 

7Mpush-pull)IMfr:M 7°£0-7 y/N > yx >-^— (Mach-Zeh 
nder)^ftffiLiNbQ33S^P§s3 0t^MXl,. 
&1if§3 0T\ A7J^ti^-rY^4 0t2^§il. 
^ti.t>\t&M^M^9l^BVA 1 , 4 2tf.a^^ X 

•j mmfs-^ 25, 2 6 icje mx ^ii^'tum^m zw. 

K>. ^<mk. 3dB^T54 3X-k^tl. ^&&Jllt5 
0. 51 b%h. ^1111^3 Oti. C:n^>$:l-P^LiNb03 

sskUMSL. \&wzmmm7T4rt\z?T-4>\s : k 
mmitzi>cox"$>2>. 

[0018] A*$iifc-r*-f V9Arf— 9^MM^2 2 

it. i a-cMRiRSfu 

— ^«i-?-£^k ^MttHftH (LPF:Low Pass Filte 
r) 1 2lcA^§aTxx^^Vx'Jfi-^2 5fc'5:0. 
t 3-W±»aRft»<N0r)Ti(«i*RftS*tfc<0^LPF 
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[00 19] 







hi 




0 


0 


0 


] 


1 


1 


0 


I 


1 


0 



[0020]LPF12, 1 3fcMU b*-y hU-hcomi 
>-MLPF£fflwo->5. id-CT'Ja— ^7i:LPFl 2 

[0021] A7JfI^?"J : a i 
7* 'J : b i = a i (Ex-OR) b i - 1 

(ex-or: mwmmm) 

(1. i > ^mfiaj^«^?fj : c i =b i +b i + 1 

[0022] itL^t{i«^^3S^®* { *Q^tLTtJ 
0. ££Tttl^$:i8fflli*«rt-*. »aR(BSSl lb 
fcLPF 1 3 <50MS&T'*^$ni»ft^- 2 6 (±ft^ 2 5«ffi 

t, J: v ^ T^a ^ft^-T'*) ^if2 5 

fc WB<?)mit*m < H Zixiffo -r <?> J: o 3r*£SS 

[ 0 0 2 3 ] ^iiii 3 > ^yVUgiftfc 

14. v wvy x >-^-T#ft02^c7)^SST5V^C3tO 

$Mi*f-«o 3mmm&*ti*ix+ 1 , o . - 1 fc 

Lfc«rtf>. ^4»3fflfcWJiiS-r.|»2oco^aj^^5 
0, 5 l^^€rl2^L-C^-i>. x ^Ufi^-2 
5. 2 60fHBfc^-f DW7X2 7^ 

wwaroei-* c fc twck o , c: omiz$> mmco$mtf 

ftteixZ,. *fflv^Ep{4 z F#fhi0 2oo^S&*^O{±5^^ 

4 OM^fttfitfc 1 T*£ 20^#tt5^^'IMfi?§ 
*U>. £ .IT'T^ffi*^ 0 bT&itiJlft5 1 OS^ffl 

[0 0 24 3 #^tt?tai^3t5 0fcaj^5 1O3^fc* 
*> ^>*»-*coffl«[«»7 r Ab'^TM ;USr 9 0JS>y 
XM. fKfch'— AXT'J y ? (PBS:Polarization Bea 
n Splitter) 1 0 <flfi££-j£3H9) fc^Tf^££-$tr 



s i fc tc i o . » ^aK*«-^<?5^e^ 5 5 #it /•>*. 
i. . z ctxmmm? a nm i- u ft#*^^ fc 

i tf; M 'J li<Bft&»tf£ft fclfc 0 EtJ-T^T- . Hatter 

[0 02 5] i«0fl!fiK-C5 Gb/sT'7t^PI^V\ -1.5 P 
s/nm/kmC%VD£^-&3fc:7 r 4 ^b^<n^{ZA0 kmft(C 
E«SfLt*>9e»i: . 240 k«tefc:KH$-h.;fcJ&20 km 
JlO+17 ps/n«i/krac7)GVD2r^-r *afHfflMtofe:7 r >f ' < 

X-1.5 ps/nm/km fc V ^ o ^-JiCOGVD £ fciMSa Srffl^ 
&a*ii. GVD*s^tc o fc 3r£ fc , sfcaWHS-CftinS 

ixh y ^ fc m^ft#4 t . BMitm 

t¥3Rii, &m$mX°m, 000 km. ifatAMt^ 
ilteJ:t^i!*0««aEW"C«-^l^5, 000 kmfc. ±tcSPM 

nme, ooo k«4"e£^?rsBre»w*5i$*t, 
[0026] ( m 2 c^mmmm > «t 1 ^mm^mmiz 
*hmBmmm^nx'jmmjjizj£L\.K i>Lz-ht> 

$ix-g»„ -e^-c. m2comm<?>&mx*i±. a common 

[0 0 27]I2{1 fi:£JB 5 JbSIf *3I8 IBttO»ffl 

&mwt&&2c?>mm<7>&mcoffij8mx*b o . 0 1 fc 

-<0gp^O=&^l£^ — ^«m& L T ^ S . 
[0 0 28] Ai&SiT.rtrr-r ^^7-'-^m^,ff-^2 2 
ti. i-f. 2^$ix. mir-^fi#fc. I2f-? 
fi^-fc^^^^-l.. 

[ 0 0 2 9 ] m l x-^fl-TOfciSfl^KA^fu 
3Kft-^5 0. 5 1 ££fifc$-*<Ofc:ttS*L&. 7feMft#S 
ti^-oHJS^Mtc^^^Hi^fifc m— ffifccotco 
l tififfi^PS^l 5£iI9. PBS1 

mmktzAumn 22 b mvt^<om\tm^tn> x o 

l,Z. VVUTX2 7ZWmLXU&. m<t>. fff7aii 

[0 03 0] ^27-'-^fi^(i. 7°'J=i-^'7bfc^ffl 
Hl4fc^LTfiffi^PS^l 5lcA^)§iX^„ T»J 

3-/7bii mz^r-smmt l . #mhi 

mnxmtonixh. mmm^n?4 ^nif 1 
4 ^ffl^-c^ft-^- 5 1 <7mm3m<7>94 s 0 . 
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[0031] ^mmamm^mm^jmm^x^h t , 

mi£<7)$M (K.Fukuchi et al., OFC '97 Technical D 
igest, ThH3, 1997) tSBttSflT^S, mmmmZ 

i- 0 m^il Lfci>vk mi h . 
[0032] iOffiBETSS 1 OHJfeOMfc PHt^;* 

[0033] (msvmmcDBm) m5i±. mxms- 
mm 1 4 <7)m\*imt h m 3 <r>mtmmm.ommm 

X'foZ. *ntfc<7)BBli. mj£<D$M (K.Fukuchi et a 
!., OFC '97 Technical Digest, ThH3, 1997) {C$> 

ft7**>M+>mm)tti:m*Bki,x^h. msn 
*ffi&<r>mikLxii. r&uy\%^x-hh3 

[0034] x.^n^x-wm.'Lx^h^m^-^ 
nmmmfcvmz mm l*** £>u Nb03{i^p«^F 2 1£ 

®*>ft , <£ coaj* Tfclit i Nb03{4ffi^PI*^ 3 fc*S#>*t 
)VWmn2. 2cr>m [1,0] fcUSfcTSUfciiasLfc 
[1. 0] £JBtT*iv«i*ffiffi£ [*.. 0] (ffl*f 

ft) t $mt&. mmrnrn^ tzi*. ma^amm 
unmmt*mbA5mz\m-?h m m\ ^x \ \* . 

[0035] 2ffi^r-*fI#2 2*24HKU — 

»1 1 aTmaKte$fL^T';a-^7T'1$-f-ft$^t 
4 «. - cO^(L$ ft*: 2 ffir- * ff-*|-£ 313§§f 9 f 0 . 

X^ffi^UsJco^-f S y^'O . 5 t'-y hMMk^hX o 
ffitSfcKfgSil 1 ai:7°Un-^7<7)CiStcWLTS5e5 



m-f&tx-^K 

[0036] f)^^ ( K. Fukuchi et al . , 0 

FC '97 Technical Digest, ThH3, 1997) 3 

tti&flaLt-r*. *HSS^©T{i. Mi0EWR72(c 
^■i SDC/^-f TX&mm LX . PBST'il iS^-Stf^co r -f 

o . i - o . 2 x v xmm&m&x*& ~> tz . 
[0037] i<o«fi£-cgs i <r>mmmmk mm^m 
mm^n^fzkz^. mi>fk$m&x'mmm 
*ytrx.*w -t o Mi x vm*.<r>m%@mx-%>ifi 

5, 000km{C#J|5R2ilTV^:*>^\ ■*&rRVli$fl . 000 

km^ teiHTOtKBttjFfwg $ it % ^ 3 <nm&mt&(?> 
[ o o 3 8 1 w.3cr>mm<rmmx'\ l ±^ mm&m 

7h§ttffo tzhiftzi>\ Z ti\i$mm z ?<7)ffim%d8 
tc) y7bf5^ -e^^-{iRiKl««@S^t'Srffli^ 

[0039] (m4cr>msmmm) men. m^mi5 

JSHTft*. 9-'7feigl*^tU^$itf^(i. 

a. *<7>%m (^fttzx-yximgmz&zffimni} 
[0040] z^nwrnmrn^^mzmix-im-t 

^'0^. -r^^lSL^^k#C0tU^5 7cO<i 

k. p o<? hMipmaxx/sm^mmtti^ h>i> 

^ *iON(7)D# (0p=l) , p 0 P <7>ft # |*R*f 0 
( P 0 p^n'-) s p 0 s hO^fiJcCOlSSp 1 k % 0 , 

PSW0Nc7)D#(0s=l) . P 0 sCO[S]#* i R*7i:'5rO (P 
OsA-), pOpt^MSp-U^: 1 ), W 
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*) ttJfflfif % p 0 b IS I tzffiWi t%&. LKpltp 
3, 2 411 ±^WZl(7)miik<OBmX'm^tzcr>bmt%. 

t, ^^>as* * $ 4> izmmm^£&®M s 

[0042] mmmmks&ms&sx'te. yv <o 
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